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METHOD AND APPARATUS FOR 
VEHICLE-TO-VEHICLE COMMUNICATION 

BACKGROUND OF THE INVENTION 
[0001] 1. Field of the Invention 

[0002] The present invention relates to a vehicle-to-vehicle communication 
method and apparatus, and particularly to a vehicle-to-vehicle communication 
method and apparatus where a vehicle in a network issues a request to which 
another vehicle in the network responds and, if necessary, takes action according 
to the request. 

[0003] 2. Description of the Related Art 

[0004] Conventional methods for asking other drivers to do something include 
blowing the horn, raising a hand, nodding the head, flashing the headlights, and 
blowing a siren. 

[0005] For example, a first driver on a secondary road who wishes to squeeze 
into a line of vehicles on a busy highway typically uses body language such as 
raising a hand and nodding the head. A second driver may operate instrument 
switches such as flashing the headlights to permit the first driver to squeeze in 
front of the second driver. Unfortunately, making a request to squeeze in front of 
another vehicle by raising a hand is not always successful because the driver 
expected to respond to the request may not notice the raised hand. Obviously, this 
method of raising a hand does not work in an alley with walls on both sides. 
Furthermore, a first driver who wishes to squeeze in front of a second driver on a 
busy highway may cause a collision with the vehicle of the second driver; this 
collision may occur if the first driver mistakenly thinks the second driver 
permitted the first driver to squeeze in front. 

[0006] Japanese Unexamined Patent Application Publication No. 1 1-170887 
discloses a method for avoiding a collision when a vehicle squeezes into a line of 
other vehicles. According to this method, when a first vehicle squeezes in front of 
a second vehicle in a line of vehicles, the second vehicle and the subsequent 
vehicles in the line reduce their speed, starting with the rearmost vehicle up to the 
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second vehicle. In more detail, each of the vehicles between the second vehicle 
and the rearmost vehicle of the line regulates its driving speed so as to keep a 
predetermined distance to the vehicle behind while exchanging driving 
information by vehicle-to-vehicle communication. 

[0007] Another typical traffic difficulty is seen in two vehicles that cannot pass 
by each other in a narrow road. This difficult situation occurs because a vehicle 
does not have any means for being informed of another vehicle coming from the 
far side of the narrow road or currently driving on the narrow road. This deadlock 
could be avoided if vehicle-to-vehicle communication were available. 
[0008] Sometimes, a vehicle gets stuck in an intersection, thus blocking the 
traffic of other vehicles in the orthogonal road. This is caused by misjudgment of 
the driver, who enters the intersection expecting to pass through while the signal is 
green, but fails to get out of the intersection before the signal turns red due to 
heavy traffic. The driver could get out of the intersection if vehicle-to- vehicle 
communication were available to ask vehicles ahead to move slightly (several tens 
of cm to 1 m, for example, for each vehicle) forward to reduce the inter- vehicle 
distances. 

[0009] Vehicle-to-vehicle communication is also helpful to emergency 
vehicles such as ambulances and fire engines, which conventionally use a siren to 
notify other regular vehicles in the vicinity that an emergency vehicle is 
approaching. Unfortunately, regular vehicles do not notice an emergency vehicle 
until it comes quite close. Furthermore, regular vehicles may find it difficult to 
quickly clear the way if they are driving in a busy street, thus preventing the 
emergency vehicle from passing smoothly, and therefore, it cannot reach its 
destination as soon as possible. All regular vehicles may clear the way in some 
cases; yet the manner of clearing the way may not be the most convenient for the 
emergency vehicle due to lack of means for vehicle-to-vehicle communication. 
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SUMMARY OF THE INVENTION 

[0010] Accordingly, an object of the present invention is to ensure that a 
request of one driver is sent to another driver. 
[001 1] Another object of the present invention is to ensure natural 
communication among drivers, that is, a first driver on a secondary road wishing 
to enter a busy highway and a second driver permitting the first driver to squeeze 
in front of the second driver. 

[0012] Another object of the present invention is to ensure that two vehicles do 
not meet each other in a narrow road and that vehicles can smoothly enter a 
narrow road from both entrances. 

[0013] Another object of the present invention is to help a vehicle smoothly get 
through an intersection using vehicle-to-vehicle communication to ask other 
vehicles ahead to move forward, when the vehicle is stuck in the intersection 
because, for example, the signal has turned red before the vehicle can pass through 
the intersection, due to heavy traffic. 

[0014] Another object of the present invention is to ensure smooth passage of 
an emergency vehicle. 

[0015] One aspect of the present invention is associated with a method for 
vehicle-to-vehicle communication between a first vehicle and a second vehicle, 
each having a vehicle-to-vehicle communication apparatus. This method includes 
the acts of transmitting a request from the first vehicle and forming a network 
including the first vehicle and the second vehicle, wherein the second vehicle 
responds to the request or takes action in response to the request. This aspect of 
the present invention ensures that one vehicle transmits its request to another 
vehicle, which then responds to the request or takes appropriate action in response 
to the request. 

[0016] The request may be a request to interrupt the second vehicle on a main 
road, if the second vehicle is located behind the interrupt point. When the second 
vehicle receives the interrupt request from the first vehicle, the received interrupt 
request and the positional relationship between the first vehicle and the second 
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vehicle are displayed in the second vehicle. If acknowledging the interrupt 
request, the second vehicle automatically flashes a light immediately before the 
interrupt point. When the first vehicle receives the interrupt acknowledgement 
from the second vehicle, acknowledgement of the interrupt request and data for 
identifying the second vehicle are displayed in the first vehicle. In this manner, 
the method according to an embodiment of the present invention ensures natural 
communication among drivers, that is, a first driver on a secondary road wishing 
to enter a busy highway and a second driver permitting the first driver to safely 
squeeze in front of the second driver. 

[0017] The request may a request to enter a narrow road when the second 
vehicle is also going to enter the narrow road. The request may be a request to 
stop entering a narrow road when the second vehicle is going to enter the narrow 
road from the other entrance. In this manner, a method according to another 
embodiment of one present invention ensures that the first vehicle and the second 
vehicle do not meet each other on the narrow road so that the first vehicle and the 
second vehicle can enter the narrow road from both entrances smoothly. This 
eliminates the need for providing a new wide road or for widening the narrow 
road. 

[0018] The request may be a request to reduce the inter-vehicle distance, when 
the first vehicle and the second vehicle are in the same direction. In this case, the 
first vehicle transmits image data showing a condition of the first vehicle in an 
intersection together with the request, so that the second vehicle can visually 
confirm how the first vehicle is in trouble. In this manner, the method according 
to the aspect of the present invention helps the first vehicle smoothly get through 
the intersection using vehicle-to-vehicle communication to ask the second vehicle 
ahead to move forward, when the first vehicle is stuck in the intersection because, 
for example, the signal has turned red before the first vehicle can pass through the 
intersection due to heavy traffic. Thus, the method contributes to smooth traffic in 
an intersection, preventing a traffic jam. 

[0019] The request may be a request to clear the way for an emergency 
vehicle. For this type of request, the second vehicle is a vehicle on a straight road 
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and ahead of the emergency vehicle; a vehicle which is going to enter an 
intersection; or a vehicle which is driving through, in the same direction, the 
intersection together with the emergency vehicle. The second vehicle, upon 
receiving the request to clear the way for the emergency vehicle, instructs the 
driver of the second vehicle to take a predetermined action for allowing the 
emergency vehicle to pass, according to the distance from the second vehicle to 
the emergency vehicle and whether the second vehicle is on a straight road or near 
the intersection. In this manner, the method according to an aspect of the present 
invention ensures smooth passage of the emergency vehicle, so that the emergency 
vehicle can reach its destination as soon as possible. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0020] Fig. 1 is a schematic diagram of a vehicle-to-vehicle communication 
system including a vehicle-to-vehicle communication apparatus according to an 
embodiment of the present invention; 

[0021] Figs. 2A, 2B, 2C, 2D, and 2E illustrate how a vehicle on a secondary 

road squeezes into a line of vehicles on a busy highway; 

[0022] Figs. 3A, 3B, and 3C show a data format used for vehicle-to-vehicle 

communication; 

[0023] Fig. 4 is a flowchart for processing an interrupt request issued by an 
interrupt requesting vehicle; 

[0024] Fig. 5 is a flowchart for processing an interrupt acknowledgement by an 
interrupt acknowledging vehicle; 

[0025] Fig. 6 is a first illustration showing how vehicles are prevented from 
meeting each other on a narrow road; 

[0026] Fig. 7 is a second illustration showing how vehicles are prevented from 
meeting each other on a narrow road; 

[0027] Fig. 8 a flowchart showing processing for preventing two vehicles from 
meeting each other on a narrow road; 

[0028] Fig. 9 illustrates how to remove a traffic obstruction; 
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[0029] Figs. 10A and 10B are images acquired to show how vehicle B is 
blocking the traffic; 

[0030] Fig. 1 1 is another illustration showing how to remove a traffic 
obstruction; 

[0031] Fig. 12 is a first flowchart of processing for removing a traffic 
obstruction at the intersection; 

[0032] Fig. 13 is a second flowchart of processing for removing a traffic 
obstruction at the intersection; 

[0033] Fig. 14 is a third flowchart of processing for removing a traffic 
obstruction at the intersection; 

[0034] Fig. 15 is a first illustration showing how smooth passage of an 
emergency vehicle is ensured; 

[0035] Fig. 16 is a second illustration showing how smooth passage of an 
emergency vehicle is ensured; and 

[0036] Fig. 17 is a flowchart of processing for ensuring smooth passage of an 
emergency vehicle. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

[0037] (A) Structure of a vehicle-to-vehicle communication system including a 

vehicle-to-vehicle communication apparatus. 

[0038] Fig. 1 is a schematic diagram of a vehicle-to-vehicle communication 
system including a navigation apparatus 50 and a vehicle-to-vehicle 
communication apparatus 60 according to an embodiment of the present invention. 
The navigation apparatus 50 and the vehicle-to-vehicle communication apparatus 
60, which are typically used in a vehicle, are connected such that they can 
communicate with each other. 

[0039] The navigation apparatus 50 includes a navigation control unit 5 1 that 
controls display of a map of the vicinity of the vehicle, searching for guidance 
route to a destination, and route guidance along the guidance route; a map supply 
unit 52 that loads necessary map data from a map storage medium into the 
navigation control unit 51 ; a command entry unit 53 for entering various 
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commands for map display; a current-location detecting unit 54 that detects the 
current location of the vehicle; a display unit 55 that displays the map, the 
guidance route, and other data; an interface unit 56 that controls communication 
with the vehicle-to-vehicle communication apparatus 60; and other units. 
[0040] The vehicle-to-vehicle communication apparatus 60 includes 
communication means for communicating with vehicles and facilities in the 
vicinity, such as a Bluetooth device 61 (abbreviated to BT in Fig. 1); a vehicle-to- 
vehicle communication control unit 62 that controls vehicle-to-vehicle 
communication; an interface unit 63 that controls communication with the 
navigation apparatus 50; an operating unit 64; a detecting unit 65; a forward- 
facing camera and image processing device 66; a light-flashing circuit 67 that 
flashes lights; a voice input and response device 68; and other units. 
[0041] The vehicle-to-vehicle communication control unit 62 is provided with 
a storage device 71 that includes a program storage unit 71a containing various 
programs according to various processing flows described below and a data 
storage unit 71b that stores data such as settings and the results of processing. 
[0042] The operating unit 64 has a car-mounted display unit, a touch panel, 
and operating switches (controls). The detecting unit 65 includes components 
such as a turn-signal on/off sensor and a vehicle speed sensor. 
[0043] (B) Bluetooth 

[0044] Bluetooth, which is used for vehicle-to-vehicle communication 
(including vehicle-to-facility communication), is a wireless link intended for 
replacing cables between the electronic circuits of a mobile object and a stationary 
object or a mobile object and a mobile object. In Bluetooth communication, a 
master makes an inquiry as to what types of slaves are present in the vicinity 
thereof by issuing an IQ packet. Each slave responds to the master by sending an 
FHS packet which includes its Bluetooth device address and clock information 
required to establish a connection. In short, the master, by making an inquiry, can 
acquire the device addresses and clock information of all slaves that have 
responded to the inquiry. The Bluetooth device address is a unique address 
assigned to each Bluetooth device. 
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[0045] Thereafter, the master performs a process called a Page using the 
acquired Bluetooth device address and clock information of a selected slave to 
establish a connection with the selected slave, thus exchanging data with the slave. 
In more detail, the master sends an ID packet to the selected slave, receives from 
the slave a message confirming that the slave has received the ID packet, and 
sends an FHS packet to the slave to inform the slave of the master's Bluetooth 
device address and clock information, thus entering the communication phase. If 
informed of the device address of a target slave located within a connectable 
range, the master can connect directly to the slave. 
[0046] (C) Interrupt request and interrupt acknowledgement 
[0047] Figs. 2A, 2B, 2C, 2D, and 2E illustrate how a vehicle on a secondary 
road 1 squeezes into (this action may be expressed as "interrupting" hereinafter) a 
line of vehicles on a busy highway 2. Referring to Figs. 2A, 2B, 2C, 2D, and 2E, 
the vehicle wishing to squeeze in is vehicle A and a vehicle that accepts (this 
action may be expressed as "acknowledgement" hereinafter) the interrupt is 
vehicle B. 

[0048] Referring to Fig. 2A, when vehicle A driving on the secondary road 1 
reaches a point 50 m away from the highway 2 (if the secondary road 1 is not 
busy) or when vehicle A sees only one vehicle ahead which is also going to 
squeeze into the line of traffic (if the secondary road 1 is busy), vehicle A 
automatically issues an interrupt-request signal. Vehicle A is capable of acquiring 
information regarding the locations of other vehicles by vehicle-to-vehicle 
communication, thereby identifying how busy the highway 2 is and the number of 
vehicles in front of it. For example, the driver of vehicle A may input information 
regarding the locations of the relevant vehicles into the navigation apparatus 50 (as 
shown in Fig. 1) to see the number of vehicles in front up to an interrupt point 3 
and how busy the highway 2 is. 

[0049] Referring now to Figs. 2A and 2B, after vehicle A issues the request 
signal, an interrupt network involving vehicle A is formed with vehicles 5a, 5b, 
5c, and 5d, which are located within communication range of vehicle A and which 
are going to pass by the relevant interrupt point 3. 
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[0050] Referring to Fig. 2C, upon receiving the request signal from vehicle A, 
the vehicles on the highway 2 in the interrupt network inform their drivers that an 
interrupt request has been received, using voice guidance and a visual indication, 
by devices installed in the vehicles. 

[0051] Referring to Fig. 2D, upon noticing the interrupt request from vehicle 
A, the drivers of the vehicles on the highway 2 respond with OK (for accepting the 
interrupt) or NG (for rejecting the interrupt), using voice input or by operating a 
switch on the car-mounted devices. In this manner, an acknowledgement response 
from vehicle B is issued to vehicle A via the network. 

[0052] Referring now to Fig. 2E, using voice guidance of the car-mounted 
device, vehicle A, upon receiving the acknowledgement response from vehicle B, 
informs its driver that a vehicle which has accepted the interrupt is available and 
displays the position of vehicle B. 

[0053] When vehicle B reaches the interrupt point 3 (more specifically, when 
vehicle B sees a sufficient space ahead at the interrupt point 3, as a result of the 
vehicle in front moving forward), vehicle B automatically flashes the headlights to 
indicate that vehicle A can squeeze in front of vehicle B. 

[0054] After squeezing in front of vehicle B, vehicle A flashes the rear lights to 
show gratitude. 

[0055] Fig. 3 A shows a data format used for vehicle-to-vehicle 
communication. The data format includes an idling data field, a vehicle ID field, a 
vehicle location field, a direction field, a request type field, and a communication 
information field. The idling data is a synchronizing signal (preamble) for stable 
communication. The vehicle ID is an identifier of each vehicle provided with a 
vehicle-to-vehicle communication apparatus; the vehicle ID, for example, is a 
Bluetooth device address. The vehicle location represents the location of the 
vehicle that transmits data. The direction represents the direction in which the 
vehicle that transmits data moves. The request type indicates the type of request 
such as an interrupt request, a request to enter a narrow road, a request to stop 
entering a narrow road, a request to remove traffic obstruction, and a request to 
clear the way for an emergency vehicle. The communication information field 
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represents various information associated with the request; the type, color, and 
other associated information of the requesting vehicle for an interrupt request, as 
shown in Fig. 3B, and for an interrupt acknowledgment response, as shown in Fig. 
3C, for example. 

[0056] Fig. 4 is a flowchart for processing an interrupt request issued by an 
interrupt requesting vehicle. 

[0057] Referring to Figs. 2A, 2B, 2C, 2D, 2E and 4, the vehicle-to-vehicle 
communication apparatus 60 (as shown in Fig. 1) of interrupt requesting vehicle A 
checks whether vehicle A has reached an interrupt-request signal generating point 
(act 101). When vehicle A reaches the interrupt-request signal generating point, 
the vehicle-to-vehicle communication apparatus 60 of vehicle A automatically 
transmits an interrupt request signal as shown in Fig. 2 A (act 102). 
[0058] The vehicle-to-vehicle communication apparatus 60 of vehicle A forms 
a network INW with vehicles 5a, 5b, 5c, and 5d, which are located within 
communication range of vehicle A and which have not yet passed by an interrupt 
point 3, as shown in Fig. 2B (act 103). 

[0059] Thereafter, the vehicle-to-vehicle communication apparatus 60 of 
vehicle A checks whether it has received an interrupt acknowledgment signal (act 
104); displays that acknowledging vehicle B is available and identifiably indicates 
the location, vehicle type, and color of acknowledging vehicle B on the display 
unit of the operating unit 64 or on the display unit 55 of the navigation apparatus 
50 (as shown in Fig. 1), upon receiving an interrupt acknowledgment signal; and 
audibly informs that acknowledging vehicle B is available by means of an audio 
device, as shown in Fig. 2E (act 105). 

[0060] Subsequently, the vehicle-to-vehicle communication apparatus 60 of 
vehicle A checks whether vehicle A has completed squeezing in front of vehicle B 
(act 106), and activates the light-flashing circuit 67 (as shown in Fig. 1) to flash 
the lights in gratitude at the completion of interrupt (act 107), thus completing the 
processing of the interrupt request. 

[0061] Fig. 5 is a flowchart where vehicle B processes the interrupt request by 
vehicle A as shown in Figs. 2A, 2B, 2C, 2D, and 2E. 
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[0062] Referring now to Figs. 2A, 2B, 2C, 2D, 2E, and 5, the vehicle-to- 
vehicle communication apparatus 60 (as shown in Fig. 1) of vehicle B monitors 
whether it has received an interrupt request (act 151), and checks whether it is a 
member of the network INW (act 152) upon receiving an interrupt request. The 
vehicles on the highway 2 which have not yet passed by the interrupt point 3 are 
members of the network INW. 

[0063] The vehicle-to-vehicle communication apparatus 60 of vehicle B, if it is 
a member of the network INW, informs its driver that there is an interrupt 
requesting vehicle and gives the driver information regarding the interrupt 
requesting vehicle, such as the location, color, and type, using voice guidance and 
a visual indication by devices installed in vehicle B, as shown in Figs. 2C and 2D 
(act 153). 

[0064] Thereafter, the vehicle-to-vehicle communication apparatus 60 of 
vehicle B checks whether any other vehicle has acknowledged the interrupt 
request (act 154); the vehicle-to-vehicle communication apparatus 60 of vehicle B 
quits the processing upon confirming that another vehicle has acknowledged the 
interrupt request. If no other vehicles have yet responded with an 
acknowledgement, the driver of vehicle B, if wishing to accept the interrupt (act 
155), operates the OK key on an operating panel to transmit an interrupt 
acknowledgment signal to the interrupt requesting vehicle (act 156). The driver of 
vehicle B, if not wishing to accept the interrupt request, operates the NG key to 
quit the processing. 

[0065] (D) Processing for preventing two vehicles from meeting each other on 
a narrow road 

[0066] Figs. 6 and 7 illustrate how to prevent vehicles from meeting each other 
on a narrow road, assuming that the vehicles are provided with a vehicle-to- 
vehicle communication apparatus and a device for detecting their locations such as 
a GPS or a navigation apparatus. A network for preventing two vehicles from 
meeting each other on a narrow road involves vehicles that are moving at the same 
time toward a particular narrow road, such as an alley, a narrow bridge, or a 
partially narrowed road under construction. The communication data format used 
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for the network for preventing two vehicles from meeting each other on a narrow 
road is the same as that shown in Fig. 3A. 

[0067] Referring now to Fig. 6, vehicle A, upon reaching a point ETP near an 
entrance of a narrow road NRD that is pre-registered in map information, 
transmits a signal for a request to enter the narrow road. This request initiates 
processing for preventing two vehicles from meeting each other on the narrow 
road. The signal for a request to enter the narrow road may be triggered by the 
operation of a turn signal that indicates that the driver is going to enter the narrow 
road or by the navigation apparatus 50 (as shown in Fig. 1) detecting that the 
vehicle has reached the ETP. 

[0068] Upon receiving the signal for a request to enter the narrow road, vehicle 
B, which is also going to enter the narrow road from the opposite entrance, may 
send back to requesting vehicle A such information as its own location, direction, 
and speed and the number of vehicles subsequent thereto. If vehicle A does not 
receive any response to the request to enter the narrow road, vehicle A is allowed 
to enter the narrow road, assuming that there are no other vehicles going to enter 
the narrow road. If vehicle A receives a response from vehicle B, vehicle A 
calculates an entry priority (using data such as the distance to the entry point, the 
time required to reach the point, and the number of subsequent vehicles) to 
determine the entry priority of vehicles A and B. Thereafter, vehicles A and B 
enter the narrow road according to their entry priority. Other vehicles that have 
arrived after vehicles A and B are required to wait at the entrances. 
[0069] Referring now to Fig. 7, vehicle A, upon entering the narrow road 
NRD, transmits data of the vehicle location by radio communication means and 
automatically transmits a request to stop entering the narrow road from the 
opposite entrance. Vehicles in the vicinity that have received the request to stop 
entering the narrow road and were going to enter the narrow road from the 
opposite entrance form a network for stopping entry into the narrow road, thus 
refraining from entering the narrow road. After all vehicles assigned an entry 
priority have passed through the narrow road or while some of those vehicles are 
still moving on the narrow road, the waiting vehicles (vehicles C, D, and E) 
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determine respective entry priorities in the same manner as described above and 
enter the narrow road according to their priority. If two or more vehicles wishing 
to enter the narrow road are given the same priority, an electronic die is rolled to 
determine the priority. 

[0070] Fig. 8 is a flowchart illustrating processing for preventing two vehicles 
from meeting each other on a narrow road. 

[0071] Referring Figs. 6, 7 and 8, the vehicle-to-vehicle communication 
apparatus 60 (as shown in Fig. 1) of vehicle A checks whether vehicle A is going 
to pass through a narrow road NRD (act 201). If vehicle A is going to enter the 
narrow road NRD, the vehicle-to-vehicle communication apparatus 60 of vehicle 
A monitors whether vehicle A has reached an entry point ETP into the narrow 
road NRD (act 202). When vehicle A has reached the entry point ETP into the 
narrow road NRD, the vehicle-to-vehicle communication apparatus 60 of vehicle 
A checks whether vehicle A is assigned an entry priority (act 203), and if one is 
assigned, vehicle A enters the narrow road NRD according to the given priority 
(act 204). 

[0072] If vehicle A is not assigned an entry priority, the vehicle-to-vehicle 
communication apparatus 60 of vehicle A confirms that an entry priority is not 
assigned to any other vehicle (act 205), issues a request to enter the narrow road 
NRD (act 206), and checks for any vehicle that is going to enter the narrow road 
NRD (act 207). If there are no other vehicles that are going to enter the narrow 
road NRD, vehicle A enters the narrow road NRD (act 211). 
[0073] If any other vehicles are going to enter the narrow road NRD, the 
vehicle-to-vehicle communication apparatus 60 of vehicle A forms with those 
vehicles a network for preventing two vehicles from meeting each other on the 
narrow road NRD (act 208) and determines the entry priorities of the those 
vehicles (act 209). The vehicle-to-vehicle communication apparatus 60 of vehicle 
A checks for the turn of vehicle A (act 210), and when it is the turn of vehicle A, 
vehicle A enters the narrow road NRD (act 211). 

[0074] After vehicle A has entered the narrow road NRD, the vehicle-to- 
vehicle communication apparatus 60 of vehicle A transmits a request to stop 
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entering the narrow road NRD from the opposite entrance (act 212) and checks 
whether the subsequent vehicle is given the next priority (act 213). The vehicle- 
to-vehicle communication apparatus 60 of vehicle A sends to the subsequent 
vehicle a signal for stopping entry into the narrow road NRD if the subsequent 
vehicle is not given the next priority (act 214), or sends to the subsequent vehicle a 
signal for permitting the subsequent vehicle to enter the narrow road NRD if the 
subsequent vehicle is given the next priority (act 215). 
[0075] Thereafter, the vehicle-to-vehicle communication apparatus 60 of 
vehicle A checks whether vehicle A has passed through the narrow road NRD (act 
216). The vehicle-to-vehicle communication apparatus 60 of vehicle A repeats act 
212 and the subsequent acts until vehicle A completes passing through the narrow 
road NRD. The vehicle-to-vehicle communication apparatus 60 of vehicle A 
sends a "passing complete" signal to quit the processing when vehicle A has 
completed passing through the narrow road NRD (act 217). 
[0076] (E) Processing for removing traffic obstruction at an intersection 
[0077] Fig. 9 illustrates how a vehicle can smoothly get out of an intersection 
using vehicle-to-vehicle communication to ask other vehicles ahead to move 
forward, when the vehicle is stuck in the intersection because, for example, the 
signal has turned red before the vehicle can pass through the intersection due to 
heavy traffic. 

[0078] Referring now to Fig. 9(a), vehicle B stuck in an intersection CR is 
blocking vehicle A. The vehicle-to-vehicle communication apparatus 60 (as 
shown in Fig. 1) of vehicle B receives, by radio communication, image 
information (a picture showing how vehicle B is blocking the traffic) acquired by 
an intersection camera CM installed on a traffic signal SN at the intersection and 
detects that vehicle B has failed to pass through the intersection based on 
processing of the image. 

[0079] In this case, the vehicle-to-vehicle communication apparatus 60 of 
vehicle B asks for help by using vehicle-to- vehicle communication to transmit a 
request to remove the traffic obstruction (request to reduce the inter- vehicle 
distance) together with the described image information received from the 
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described camera CM and a help message such as "Could you move forward 
slightly?" The vehicles which receive the request and are located between vehicle 
B and the next intersection form a network for removing the traffic obstruction 
together with vehicle B. 

[0080] Referring to Fig. 10A, the vehicle-to-vehicle communication apparatus 
60 of each member of the network for removing the traffic obstruction displays on 
the display unit 55 of the navigation apparatus 50 (as shown in Fig. 1) how vehicle 
B is blocking the traffic and the help message, along with a warning sound. The 
driver of each member in the network is informed that vehicle B is asking for help 
and sees how vehicle B is in trouble due to the image video. In this state, some 
members of the network may move forward slightly to create a space for one 
vehicle, thus helping vehicle B get out of the intersection as shown in Fig. 9(b) to 
allow vehicle A to pass through the intersection. 

[0081] In the above embodiment, vehicle B receives an image acquired by the 
camera installed at the intersection. In another embodiment, vehicle B may be 
informed by vehicle A that vehicle B is stuck in the intersection. 
[0082] Fig. 1 1 illustrates processing for removing the traffic obstruction by 
vehicle A informing vehicle B that vehicle B is blocking the traffic. Referring 
now to Fig. 1 1(a), vehicle B has failed to pass through an intersection CR, 
blocking vehicle A. In this state, vehicle A may use vehicle-to-vehicle 
communication to transmit to vehicle B image information (a picture showing how 
vehicle B is blocking the traffic, as shown in Fig. 10B) acquired by a forward- 
facing camera installed in vehicle A, along with a warning message such as 
"Could you move forward slightly?" This causes the display unit 55 of the 
navigation apparatus 50 (as shown in Fig. 1) of vehicle B to display how vehicle B 
is blocking the traffic and the warning message, as well as a warning sound. 
[0083] Referring to Fig. 1 1, the vehicle-to-vehicle communication apparatus 
60 (as shown in Fig. 1) of vehicle B asks for help by using vehicle-to-vehicle 
communication to transmit a request to remove the traffic obstruction (request to 
reduce the inter- vehicle distance) together with the described image information 
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received from the camera of vehicle A and the help message "Could you move 
forward slightly?" 

[0084] The vehicles that receive the request and are located between vehicle B 
and the next intersection form a network for removing the traffic obstruction 
together with vehicle B. The vehicle-to-vehicle communication apparatus 60 of 
each member of the network for removing the traffic obstruction displays on the 
display unit 55 of the navigation apparatus 50 how vehicle B is blocking the traffic 
and the help message, along with a warning sound. 

[0085] The driver of each member in the network is informed that vehicle B is 
asking for help and sees how vehicle B is in trouble due to the image video. In 
this state, some members of the network may move forward slightly to create a 
space for one vehicle, thus helping vehicle B get out of the intersection, as shown 
in Fig. 1 1(b), to allow vehicle A to pass through the intersection. 
[0086] Figs. 12, 13 and 14 are flowcharts of processing for removing the traffic 
obstruction at the intersection shown in Fig. 1 1 . 

[0087] Referring to Figs. 1 1 and 12, vehicle A detects the obstructing vehicle 
(vehicle B) at the intersection (act 301) and transmits the image information (a 
picture showing how vehicle B is blocking the traffic, as shown in Fig. 10B) 
acquired by the forward-facing camera, together with a warning message such as 
"Could you move forward slightly?" (act 302). Vehicle A forms a neighboring 
network with surrounding vehicles including vehicle B, whose Bluetooth device 
address is known to vehicle A. The format of the message is as shown in Fig. 3A 
and includes the intersection ID. 

[0088] Referring now to Figs. 1 1 and 13, vehicle B, upon receiving the 
message from vehicle A, confirms that the ID of the intersection at which vehicle 
B is located is identical to the intersection ID sent by vehicle A, thus recognizing 
that vehicle B is blocking the traffic at the intersection (act 311). Then, the 
vehicle-to- vehicle communication apparatus 60 (as shown in Fig. 1) of vehicle B 
receives the image information from vehicle A and stores it (act 312). Vehicle B 
forms a network for removing the traffic obstruction with the communicatable 
vehicles that are in the same direction as vehicle B and are located up to the next 
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intersection (act 313). Vehicle B then uses vehicle-to-vehicle communication to 
transmit a signal for a request to remove the traffic obstruction in the format 
shown in Fig. 3A to the members of the network for removing the traffic 
obstruction, along with the image information and a help message such as "Could 
you move forward slightly?" (act 314). 

[0089] Referring now to Figs. 1 1 and 14, the vehicle-to-vehicle communication 
apparatuses 60 (as shown in Fig. 1) of the vehicles in the network for removing the 
traffic obstruction, upon receiving the request to remove the traffic obstruction (act 
351), refer to the direction data and position information to confirm that they are 
in the same direction as that of vehicle B and are ahead of vehicle B, i.e., that they 
are members of the network (act 352). The vehicle-to-vehicle communication 
apparatus 60 of each member of the network for removing the traffic obstruction 
displays on the display unit 55 of the navigation apparatus 50 (as shown in Fig. 1) 
how vehicle B is blocking the traffic and the help message, along with a warning 
sound (act 353). 

[0090] (F) Processing for ensuring smooth passage of an emergency vehicle 
[0091] Figs. 15 and 16 illustrate how smooth passage of an emergency vehicle 
is ensured. 

[0092] The emergency vehicle continuously issues the following information 
regarding itself: the destination, the location, the speed, and the path of the roads 
the emergency vehicle is to take. The vehicle-to-vehicle communication 
apparatuses 60 (as shown in Fig. 1) of regular vehicles that have received the 
above information check whether they are driving in the route of the emergency 
vehicle, using the information regarding the destination of the emergency vehicle. 
The regular vehicles driving in the route of the emergency vehicle calculate the 
distance to the emergency vehicle based on the information regarding the location 
of the emergency vehicle and the expected time of arrival of the emergency 
vehicle based on the information regarding the speed of the emergency vehicle. 
The regular vehicles driving far away from the emergency vehicle display the 
location of the emergency vehicle and the expected time of arrival of the 
emergency vehicle until the emergency vehicle reaches a particular distance. 
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When the emergency vehicle reaches a particular distance, the vehicle-to-vehicle 
communication apparatus 60 of each of the relevant regular vehicles indicates 
which path in the road the emergency vehicle is to take and instructs its driver, for 
example, to move to the right or left or to stop depending on whether its vehicle is 
driving near an intersection or on a straight road. 

[0093] Referring to Fig. 15 where regular vehicles are driving, for example, on 
a straight road with two lanes in each direction, the emergency vehicle may issue 
the message "Taking the center path". Upon receiving the message, the vehicle- 
to-vehicle communication apparatuses 60 (as shown in Fig. 1) of the regular 
vehicles driving in the left lane instruct their drivers to move to the left. Upon 
receiving the message from the emergency vehicle approaching behind, the 
vehicle-to-vehicle communication apparatuses 60 of the regular vehicles driving in 
the right lane instruct their drivers to move to the right. 

[0094] Referring now to Fig. 16 where regular vehicles are near an intersection 
on a road with two lanes in each direction, the emergency vehicle may issue the 
message "Turning right". Upon receiving this message, the vehicle-to- vehicle 
communication apparatuses 60 (as shown in Fig. 1) of the relevant vehicles give 
their drivers appropriate instructions depending on the locations of the vehicles. 
Regular vehicles a and d in zone A are instructed to move to the right and left, 
respectively; vehicles g and f in zone B are instructed to stop; vehicle b in zone E 
at the center of the intersection is instructed to turn right and then move to the 
right; vehicles h, i, j, and k in zone C are instructed to stop; and vehicles c and e in 
zone D are instructed to move to the right and left, respectively. 
[0095] Fig. 17 is a flowchart for ensuring smooth passage of an emergency 
vehicle. 

[0096] Referring to Fig. 17, the vehicle-to-vehicle communication apparatus 
60 (as shown in Fig. 1) of a regular vehicle monitors whether a signal for a request 
to clear the way for an emergency vehicle in the format shown in Fig. 3A has been 
received (act 401). Upon receiving a signal for a request to clear the way, the 
vehicle-to-vehicle communication apparatus 60 of the vehicle refers to the 
information regarding the destination of the emergency vehicle to check whether 
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the vehicle is in the route the emergency vehicle is to take (act 402). The signal 
for a request to clear the way for an emergency vehicle includes the information 
regarding the destination, the location, and the speed of the emergency vehicle, as 
well as the path of the road the emergency vehicle is to take in the communication 
information field. 

[0097] If the vehicle is driving on the route the emergency vehicle is to take, its 
vehicle-to-vehicle communication apparatuses 60 forms with the emergency 
vehicle a network for smooth passage of the emergency vehicle to calculate the 
distance to the emergency vehicle (act 403) for checking whether the distance is 
less than the predetermined value (act 404). If the emergency vehicle is the 
predetermined distance or more away, the vehicle-to-vehicle communication 
apparatus 60 of the vehicle identifiably displays the location of the emergency 
vehicle on the navigation map, calculates and displays the expected time of arrival 
of the emergency vehicle (act 405), and returns to act 401. When the emergency 
vehicle comes within the predetermined distance, the vehicle-to-vehicle 
communication apparatus 60 of the vehicle checks whether the vehicle is located 
near the intersection where the emergency vehicle is located or on a straight road 
(act 406). If the vehicle is located on a straight road, the vehicle-to-vehicle 
communication apparatus 60 dictates to which side the vehicle should move, as 
shown in Fig. 15 (act 407), waits until the emergency vehicle passes by (act 408), 
and quits the processing when the emergency vehicle passes by. 
[0098] If it judges that the vehicle is located near the intersection at act 406, 
the vehicle-to-vehicle communication apparatus 60 gives its driver appropriate 
instructions depending on the location of the vehicle, as shown in Fig. 16 (act 
409), waits until the emergency vehicle passes by (act 410), and quits the 
processing when the emergency vehicle passes by. 

[0099] If it judges that the vehicle is not driving on the route the emergency 
vehicle is to take at act 402, the vehicle-to-vehicle communication apparatus 60 of 
the vehicle checks whether the distance to the emergency vehicle is less than the 
predetermined value (act 411). If the emergency vehicle is not within the 
predetermined distance, the vehicle-to-vehicle communication apparatus 60 of the 
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relevant vehicle returns to act 401. If the emergency vehicle is within the 
predetermined distance, the vehicle-to-vehicle communication apparatus 60 
checks whether the vehicle is located near the intersection where the emergency 
vehicle is located (act 412). If the vehicle is not located near the intersection, the 
vehicle-to- vehicle communication apparatus 60 returns to act 401; if the vehicle is 
located near the intersection, the vehicle-to-vehicle communication apparatus 60 
becomes a member of the network for smooth passage of the emergency vehicle 
and gives its driver appropriate instructions depending on the location of the 
vehicle, as shown in Fig. 16 (act 409), waits until the emergency vehicle passes by 
(act 410), and quits the processing when the emergency vehicle has passed by. 
[00100] In the processing for ensuring smooth passage of the emergency 
vehicle, vehicles driving on a straight road ahead of the emergency vehicle; 
vehicles entering an intersection; and vehicles driving through, in the same 
direction, the intersection together with the emergency vehicle are required to 
respond to the request to clear the way for the emergency vehicle. These regular 
vehicles as described above and an emergency vehicle together form a network for 
smooth passage of the emergency vehicle. 

[00101] The present invention has been described above with the aid of 
examples of embodiments. Therefore, it is understood that the invention is not to 
be limited to the specific embodiment disclosed, and that various modifications are 
intended to be included within the scope of the appended claim. 
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